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Introduction
Malathion is an organophosphorus (OP) pesticide widely used for controlling pests in live stock and agricultural and garden plants. Residents near the farms and farmworkers may be [Machera et al, 2003] , and dermal contact with contaminated soil and plants and from accidental spills [Tuomainen et al, 2002] . Acute exposure to OP insecticides and subsequent OP poisoning with muscle dysfunction can be a cause of deaths in humans due to mitochondrial dysfunction [Karami-Mohajeri et al, 2014] . Long term exposure to OP pesticides has been proved to impose higher risks of various chronic diseases [Mostafalou and Abdollahi, 2013] .
Malathion is widely used because of its relatively low acute toxicity compared to other OP insecticides. Extensive studies have been conducted for assessing the potential health effects of malathion in a variety of biological models from amphibians to mammalians. It has been reported that malathion induces toxicity through the inhibition of acetylcholinesterase (AchE) and subsequent activation of cholinergic receptors [Lasram et al, 2008] . Animal study suggested that inhibition of enzymes leads to age-dependent neurologically disorders neurological and behaviour disorders [Vidair, 2004] . Moreover, many OP pesticides including malathion have been identified as endocrine disruptors (ED) which can interfere with hormone levels through binding to and activating estrogen, androgen and other hormone receptors [McKinlay et al,2008;  A c c e p t e d M a n u s c r i p t 5 hormone receptors [Ishihara et al, 2003 ]. Other general toxicities of malathion at the cellular and organ level have also been identified by in vitro methods [Jira et al, 2012 ].
In addition, malathion has been reported to affect male reproductive system and spermatogenesis in animals [Choudhary et al, 2008] . Treatment with malathion decreased the body weight of earthworms' and the spermatic viability in spermatheca [Espinoza-Navarro and [Ojha and Srivastava, 2014] . However, the full spectrum of the reproductive effects of malathion has not been fully elucidated. This study aimed to investigate the toxicity of malathion on testes in rats. We exposed the rats with different concentrations of malathion for 60 days and then investigated the activities of testicular enzymes, examined the histological changes in testis and sperm quality, and measured the hormone levels including luteinizing hormone (LH), follicle-stimulating hormone (FSH) and testosterone (T) using A c c e p t e d M a n u s c r i p t 6 radioimmunoassay (RIA). We further assessed the expression levels of genes related to reproduction.
Materials and methods

Chemicals
Malathion (95% pure) was obtained from WanDuoFu Chemical (Shandong, China).
Malathion was dissolved in distilled water (solubility in water: 145 mg/L at 25oC) before use.
RIA (Radioimmunoassay) kits for luteinizing hormone (LH), follicle stimulating hormone (FSH), testosterone (T), and assay kits for testicular enzymes including acid phosphatase (ACP), lactate dehydrogenase (LDH), succinate dehydrogenase (SDH), γ-glutamyl transpeptidase (γ-GT) were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). TdT-mediated dUTP digoxigenin nick end labeling (TUNEL) kit was purchased from Roche R&D Centre water were provided ad libitum. After 1 week of acclimatization, 40 rats were randomly divided into four groups including three exposure groups and a control group of 10 animals each. In the exposure groups, the rats were exposed to malathion by oral gavage at dosages of 33.75, 54, and 108 mg/kg daily for 60 days. Selection of dosage range was based on our pilot study for 2 weeks in which the LD 50 of malathion is 1080 mg/kg. The control rats were administered with an equivalent volume of distilled water in the same manner. Throughout the experimental period, all animals were observed at least once daily for clinical signs of toxicity related to malathion exposure. Animals were sacrificed 60 days post dosing. Handling of animals strictly followed the ethical guidelines [Couto , 2011] in accordance with the institutional Animal Ethics Committee approval.
Physiological assessment
Body weights of rats were recorded weekly during the study and upon animal euthanasia.
Then the testes were collected and weighed.
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Sperm evaluation
At necropsy, the left epididymidis of each rat was collected, and the caudal epididymis was used to prepare sperm suspension for measuring sperm counts, motility, and dysmorphology rate based on the method described by Prasad, et al. [Prasad et al, 1972] . Briefly, immediately after the sacrifice, the left caudal epididymis of each animal was homogenized in 2 mL of warm (37°C) PBS solution of which 20 µL was used for the evaluation of sperm mobility. The motility of spermatozoa is measured in terms of the percentage of motile spermatozoa in total spermatozoa which was determined using a hemocytometer. The sperm smear slides were made and stained with 2% eosin for examination of the morphological changes in sperms, for which a total of 200 sperm were scored under the microscope in 100 × magnifications. The dysmorphology rates were scored and expressed as the percentage of abnormal sperm with respect to sperm from the control group.
Hormone measurement
Blood samples (3,000 μL) were taken from the retinal vein. After standing for 1 h, the blood samples were centrifuged for 10 min at 3000 rpm (1600 g), and the serum samples were stored at -70℃ until analysis. Serum LH, FSH and T levels were measured using RIA kits according to the manufacturer's protocols.
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Detection of enzyme activity
Left testis tissues in 0.9 % saline buffer were homogenized by a high-speed homogenizer (FSH-2A) and centrifuged at 10,000 rpm (5333 g) at 4℃ for 30 min. The samples were stored at 4℃ until analysis. Activities of enzymes (ACP LDH SDH γ-GT) were measured according to the manufacturer's protocols.
Histopathological examination
The right testis tissues were fixed in Bouin's solution and then embedded in paraffin. The paraffin-embedded sections (5 μm) were prepared and deparaffinised by 100% xylene, followed by rehydration with 100% then 70% ethanol. Transverse sections of testes were stained with hematoxylin and eosin (HE) for light microscopic examination.
Cell apoptosis detection using TdT-mediated dUTP digoxigenin nick end labeling (TUNEL) assay
Transverse sections of testis of rats from control and experimental groups were prepared using the method described above. The apoptotic cells were detected using a TUNEL assay kit (Roche R&D Centre (China) Ltd, Shanghai, China). The images were examined and captured using a digital camera attached to a fluorescent microscope (Leica DM4000B). The numbers of Page 10 of 32 A c c e p t e d M a n u s c r i p t 10 apoptotic cells were quantified in 10 seminiferous tubules randomly selected from each slide and analyzed using the Leica Qwin V3 software. The apoptosis rate was presented as the percentage of apoptotic cell in total spermatogenic cells.
Immunohistochemistry
The testes were fixed, paraffin-embedded and sectioned at 5 μm thick slides as described above. Immunohistochemistry was conducted according to SABC kits instructions. Briefly, after being processed for antigen retrieval with 3% H 2 O 2 treatment and 5% BSA blockage, the transverse testis sections were incubated with primary antibodies, Bax and Bcl-2 for overnight at 
Statistical Analysis
Difference between the control and treated groups were evaluated statistically (Statistical Product and Service Solutions 17.0, SPSS, China) using one-way ANOVA. The data were expressed as the mean ± standard deviation (SD). Significance was set at P<0.05.
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Results
Body and testis weights changed by malathion treatment
No deaths or clinical signs of toxicity were observed in rats treated with malathion at all doses for 60 days. The testes appeared normal in control group and 33.75 mg/kg treated group while rats in 54 and 108 mg/kg groups appeared to be small and mauve in colour. The body and testis weights decreased with increasing dosage of malathion. The final body weight and body weight changes significantly decreased in rats treated with 108 mg/kg malathion (P<0.05) and the absolute testis weight showed a statistical difference between the treated groups (54 and 108 mg/kg) and the control group (P<0.01) ( Table A) .
Malathion reduced the sperm count and motility and increased the sperm dysmorphology rates
Sperm count and motility in the caudal epididymidis of rats exposed to malathion were lower than that in the control rats. As shown in Table B , statistical differences were found in rats treated with higher concentration of malathion (108 mg/kg) when compared with that in the control group (P <0.01). The rates of sperm dysmorphology in rats from 54 and 108 mg/kg groups were statistically higher than that in the control rats (P<0.01). There were no significant differences between the 33.75 mg/kg group and control group.
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Hormone levels decreased in rats exposed to malathion
Hormone levels decreased in the treatment groups as shown in Table B . Rats treated with 108 mg/kg of malathion showed significant decreases of LH, FSH and T compared with that in the control group (P<0.01).
Testicular enzyme activities
The results indicated that the activities of ACP and γ-GT of rats in the 108 mg/kg group were significantly lower than that in the control group as shown in Table B (P<0.01). Activities of LDH were significantly higher in the same treated-rats compared to the control rats (P<0.01).
There were no significant differences in the activities of SDH between any of the malathion treated groups and the control group.
Histopathological changes induced by malathion
Histological examination showed malathion induced a dose-dependent effect on spermatogenesis of rats at all treatments. Rats from the control group showed a normal process of spermatogenesis with a regular arrangement of spermatogenic epithelium in the seminiferous tubules (Fig.A.1 ). Rats treated with malathion at 33.75 mg/kg showed mild testicular changes (Fig.A.2) . Malathion dosed at 54 and 108 mg/kg resulted in severe alterations in the seminiferous tubules including the loss, derangement and sloughing of the spermatogenic cells, vacuolization A c c e p t e d M a n u s c r i p t 13 in Sertoli cell cytoplasm and destruction of Sertoli cell cytoskeleton (Fig.A.3 and 4) . These changes were more severe in rats from the group exposed to malathion at 108 mg/kg (Fig. A.4 ).
Malathion induced apoptosis in testis cells
Spermatogenic cells of rats in the control group were well arrayed in order with few apoptotic germ cells as shown in Fig.B.1 . The apoptosis rate was increased significantly in malathion-treated groups compared to the control group (P<0.01) (Fig. C) . In addition, apoptotic cells with stronger staining were found among spermatogenic cells in rats exposed to malathion (Fig. B. 2, 3, and 4) .
Bax and Bcl-2 protein expression
In testicular cells of control rats, weak immunoreactivity against Bax was detected as shown in Fig.D.1 . Bax positive staining was observed as coarse brown granules in the cytoplasm in spermatogenic cells of rats at 54 and 108 mg/kg treated groups (Fig. D. 2, 3, and 4) . Besides, the number of Bax positive staining was increased with increasing dosage of malathion. Bcl-2 immunoreactivity was identified as fine particles in varying degrees of spermatogenic cells of the control group (Fig.E.1) . In rats exposed to malathion, Bcl-2 protein particles were unevenly distributed and the number of positively-stained cells decreased when compared with the control group ( Fig.E.2, 3, and 4) . Relative intensities of Bax and Bcl-2 protein were analyzed in 
DISCUSSION
Malathion is a widely used OP insecticide in agriculture and home/public gardens. People may expose to malathion through multiple pathways including oral, dermal and inhalation routes.
In vitro and in vivo studies suggested that malathion has a broad spectrum of toxicities among which the reproductive effect has not been fully elucidated. Therefore, this study focused on malathion-induced toxicities in the testis of male rats. We found that administration of malathion to male rats by oral gavage resulted in adverse effects that included significant decrease in the final body weights and testis weights, sperm counts, motility, and increased rates of sperm dysmorphology. These results are consistent with the published data which showed that malathion has a disruptor effect on sperm count and decreases the percentage of motile sperm of Hormone levels and relevant enzymes have been reported to be associated with the reproductive functions [Ishihara et al, 2003; Vidair, 2004] . Therefore, we examined the serum hormone (LH, FSH and T) levels and found an inhibitory effect on these hormones by malathion.
The reduction of T may be due to the adverse effect of malathion on the rat hypothalamic- [Korsmeyer, 1999; Basu and Haldar, 1998 ]. Data from this study clearly indicated the apoptotic effect of malathion by increased expression of Bax and decreased Bcl-2. Thus, the delayed spermatogenic cell differentiation and proliferation, the reduced number of sperm cells and spermatozoon may be attributed to the apoptosis by malathion.
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Conclusion
Our results demonstrated reduced body and testicular weight, pathological changes in the testes and depressed activities of testicular enzymes in the rats exposed to malathion. Results from this study further confirmed the deleterious effects of malathion on the general and reproductive system in mammalian animals. The malathion-induced abnormal levels of hormones relative to reproduction and apoptotic protein levels involved in apoptosis may play important roles in these effects. Further studies to explore how malathion affect the these hormones and proteins and their cross-talk in contribution to these effects are required in order to fully elucidate its mode of action. These studies will provide important information about prevention strategy for reducing potential hazardous effects of malathion. A c c e p t e d M a n u s c r i p t M a n u s c r i p t malathion at 54 and 108 mg/kg. The photomicrographs were taken at × 400 magnification.
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Fig.E.
Bcl-2 expression in the rat testes after exposed to malathion.
Immunohistochemistry staining using a specific antibody against Bax in testes of rats from control (1) and malathion at concentrations of 33.75 mg/kg (2), 54mg/kg (3), 108 mg/kg (4). The photomicrographs were taken at × 400 magnification. M a n u s c r i p t A c c e p t e d M a n u s c r i p t Tables   Table A: Body and absolute testis weight (g) of male rats exposed to malathion A c c e p t e d M a n u s c r i p t
